Although this subject appears to be relatively straightforward there is a good deal that is controversial in both the pathomechanics and treatment of subtaloid stiffness. The interosseous ligament completely separates the obliquely placed and convex posterior joint surface from the anterior concave joint socket formed by the middle facet on the sustentaculum tali, the anterior facet on the neck of the calcaneum and the curved facet on the proximal surface of the navicular. The ball which is the head of the talus is contained in this socket, the whole being surrounded by synovial membrane and capsule strengthened by the spring and bifurcate ligaments (Last 1954) .
The movements of inversion and eversion which take place at the subtaloid joint are said to amount to about 5-6 degrees in each direction, though they appear to be much more when projected along the axis of the whole foot. With the exception of the calcanean tendon all the long muscles are inserted in front of the midtarsal joint. These muscle insertions mediate a process, aptly described by O'Connor (1959) as tarsal torsion, by which the forefoot is rotated or wound up in a direction of supination or pronation (Last 1954) , the force then being transmitted to the calcaneum via the powerful calcaneocuboid ligaments to produce active inversion and eversion at the subtaloid joint. The movement of full inversion which amounts to about 30 degrees is one of adduction, supination and plantar flexion whilst total eversion amounting to 20 degrees is one of pronation, abduction and dorsiflexion. When the subtaloid joint is completely stiff an appreciable 'Requests for reprints may be sent to 27 Rodney Street, Liverpool, LI 9EH range of pronation and supination may still be possible at the talonavicular and calcaneocuboid joints which form the midtarsal joint. The fact that movement in opposite directions can take place at the same time at the midtarsal and subtaloid joints is important not only in walking on uneven and sloping surfaces but also in maintaining balance particularly when standing on one foot (Last 1954 , Hall 1959 . With a fair range of movement spread between ankle, subtaloid and midtarsal joints, it is easy to miss stiffness in the subtaloid joint unless one holds the foot at a right angle before grasping the heel in the other hand to test for subtaloid movement.
Determining the cause of restricted movement in this area demands full cooperation and much patience from all members of the radiological staff because of the difficulty in producing clear pictures of the special projections required to demonstrate the various tarsal anomalies. Unless the pictures are perfect, thus p'9viding negative as well as positive information, they are valueless. In addition to the regular anteroposterior and lateral views, which should never be o6mitted, the following special projections are nece'sary: (1) The standing lateral view which, being the position of function, gives valuable information regarding stability of the foot. It will for instance show varying degrees of downward inclination of the talus in mobile or paralytic flat feet which, would not be apparent on a radiograph taken with the foot at rest (Fig 1) . (2) The oblique axial view described by Harris^Beath (1948) , designed to show the middle or talosustentacular joint clearly. (3) The medialr oblique axial (Isherwood 1961 ) not only gives a tangential view of the posterior joint and a clear view of the sinus tarsi but also a lateral view of the middle joint, thus providing a valuable supplement to the oblique axial view. (4) The better known lateral oblique view, which should be regarded as obligatory in all cases of subtaloid stiffness. It Below, a weight-bearing view ofthe samefoot shows a break at the talonavicular level with the head ofthe talus vertically inclined shows the anterior talocalcanean joint and the space between the anterior end of the calcaneum and the navicular clearly. A calcaneonavicular bar frequently invisible in a regular lateral view is clearly demonstrated in this -projection. (5) Recently some attention has been directed towards tomography, particularly with a view to detecting fractures and coalitions at the anterior end of the calcaneum (Conway & Cowell 1969 , Isherwood 1961 .
In the infant the only likely causes of stiffness are congenital vertical talus, spina bifida, infection and congenital abnormalities such as club foot, arthrogryposis, &c. Infection is common in all age groups and failure of mesenchymal differentiation, not easily detectable in infants, begins to show its effects later. Approaching adolescence is marked by the appearance of various growth disorders and is the time when epiphyseal lines are narrowing and ossification developing in accessory bones. At this time also some of the natural freedom of joint movement is sacrificed as the softer bones and ligaments of childhood strengthen up to give greater stability.
Ranging over a period from eight to fifteen years this fascinating condition associated with spasm and pain in adolescence makes its appearance. Though known by a variety of namesperoneal spastic flat foot, spasmodic flat foot and othersthe most satisfactory term is that of adolescent rigid foot. There is always rigidity but neither peroneal spasm nor valgus are essential features. In 1897 Robert Jones described the clinical features clearly. In ignorance of its true pathology and because peroneal spasm featured so prominently, hideous practices such as division of the tendons and crushing of the peroneal nerves were advocated. More balanced opinion favoured joint irritation or foot strain, which was in keeping with times which dictated strenuous activity at an early age.
Although anatomists had for long recognized tarsal coalitions (Cruveilhier 1829 , Zuckerkandl 1877 , no significance was attached to it until 1921 when first Sloman and then Badgerley (1927) noted its association with peroneal spastic flat foot. Even so it was not until 1948, with the description by Harris & Beath of their medial talocalcanean bridge, that interest was really awakened. The discovery of a second tarsal coalition directly linked with peroneal spasm and Harris's driving insistence gave credence to the possibility that, in the absence of infection, trauma or rheumatic disease, nearly if not all these hithertobaffling conditions could be explained by tarsal anomalies of one sort or another.
Thus conditions causing subtaloid stiffness in adolescence fall into two groups: those with radiologically demonstrable structural change and those without.
The following is a list of the various types of tarsal coalition which have been described. Any of these may be in the form of a synchondrosis, a syndesmosis or synostosis and it seems likely they simply represent failure of joint cavitation or segmental separation of primitive mesenchyme. (3) Talonavicular and (4) Calcaneocuboid, usually solid bony fusions. (5) Cubonavicular (Waugh 1957 , Harris 1965 Whilst any of these anomalies with the exception of (1) (e) are still cartilaginous good mobility exists, but with progressive ossification at adolescence increasing stiffness associated with pain, muscle spasm and deformity develop. Occasionally one observes a patient who for some years has been treated for mobile flat feet and who develops painful symptoms followed by the gradual appearance of a typical adolescence rigid foot. Interval X-rays of such a patient will show progressive ossification in what at first amounts to nothing more than adjacent calcaneonavicular beaking confirming the presence of a preexisting cartilaginous bar. Similarly gradual narrowing of the talosustentacular joint space may be observed. In such cases the earliest signs of rigidity might quite easily be missed unless the foot is dorsiflexed when examined, as described Talocalcanean fusion deserves pride of place because it was the first to really stir the waters of complacency and one or other of these anomalies accounts for the greatest number of patients presenting adolescent rigidity.
Coalition of the talosustentacular joint is well known and is better named middle rather than anterior or medial bridge, not only because it is the middle joint that is involved but also because fusion of the anterior facet has been described (Conway & Cowell 1969) ; posterior fusion, though involving the trigonal area, is chiefly on the medial side and, incidentally, causes greater disability and is less likely to respond to conservative measures than any of the others. Both middle and posterior joints may be involved together. Harris (1965) has also described ,accessory projections from the medial sides of the talus and calcaneum (Fig 2) which give rise to subtaloid stiffness by blocking movement. These are possibly exostoses related to tarsoepiphyseal aclasis. I have seen an exostosis of this type growing from the neck of the talus abutting against the sustentaculum tali and producing a typical picture of adolescent rigid foot.
More extensive talocalcanean fusions are occasionally encountered and vary from a rudimentary type of joint to a completely bony fusion. Total talocalcanean fusions are almost invariably associated with a so-called ball 'and socket ankle joint (Fig 3) . The painful symptoms which develop sooner or later are due to varus or valgus instability as a result of the talus or calcaneum coming into contact with the medial or lateral malleolus, but there is no muscle spasm in these cases.
It seems reasonable to assume that a ball and socket ankle joint is a compensatory development to replace loss of subtaloid movement. So far as I know it has been described only in patients displaying partial or total congenital subtaloid fusion which in many, but not all, cases is associated with absence of the 5th ray and varying degrees of shortening. Adaptative moulding of the ankle almost certainly depends upon the age at which the incompletely differentiatedcartilaginous block loses its elasticity or torsional capacity and, with advancing ossification, stiffens up.
If failure of differentiation alone was responsible it would appear with other coalitions. In these, however, the foot does not become stiff until adolescence, when ossification is advanced, and by then it is too late for any adaptative moulding of the ankle joint to take place.
I have seen only two patients with this rudimentary type of talus and subtaloid joint. In both the presenting symptoms were bad shoe wear and recurrent sprains, and in one (the patient with a ball and socket ankle joint, -whose X-rays are shown in Fig 3) there was also pain on the medial side of the ankle joint; the other patient had varus deformities of both heels but the ankle joints were normal. I could find only four other reports of rigid subtaloid joint displaying varus deformity, 3 by Simmons (1963) and one by Maudsley (1956) ; all these had calcaneonavicular bars and invertor spasm.
Osteochondritis of the navicular may produce severe joint irritation and a troublesome type of adolescent rigid foot. Any severe crush injury of there is no sign ofbeaking the foot, and fractures of the talus, calcaneum or navicular are obvious causes of subtaloid stiffness. Attention was drawn by Cowell (1972) to relatively minor fractures at the anterior end of the calcaneum or head of talus, not easily detected but capable of producing prolonged periods of stiffness and disability. It is particularly in this type of lesion that tomography is valuable.
Although adjacent fractures are obvious causes the stiffness which follows fractures of the lower limb is due less to immobilization than to a traumatic peri-arthritis caused by severe primary rotational strain to the subtaloid joint before the bone fractures. Such stiffness is more prolonged and disabling after fractures occurring in men in the prime of life than in women (particularly older women) and children whose bones, which are relatively weak, fracture before any severe strain is inflicted upon the joint.
In the various arthritic conditions subtaloid rigidity develops slowly but inevitably. One sees this perhaps at its worst in rheumatoid arthritis, where the foot is rigid and usually badly everted. Following trauma or infection osteoarthritic changes may develop in one of the joints but an important group are those who reach and pass adolescence with a severe degree of mobile flat foot. These tend to stiffen gradually and arthritic changes develop in middle age.
Symptoms and Physical Signs
Whatever the age or cause the main symptoms are pain, particularly when walking over uneven surfaces, and bad shoe wear. The pain, located over the sinus tarsi but at times on the inner side as well when va'igus is nmarked, has been the subject of speculation. A reasonable explanation is straining of ligaments by activity demanding a greater range of movement than is possible. It is noteworthy that if eversion is insignificant pain is less severe and responds more readily to conservative treatment than when pronation is marked. I believe an oblique strain imposed by the everted position, or even varus if present, plays an important part in its causation and persistence.
The deformity associated with limited subtaloid movement will depend upon the shape and position of the heel produced by congenital, traumatic, arthritic or infective conditions. Valgus, being a position of stability, is the prevailing one and is likely to persist as long as the underlying structural change is present. Its degree is variable, the heel quite often being neutral or displacing only a moderate degree of eversion, a point of some significance in prognosis.
Muscular spasm, particularly peroneal, is almost certainly just a natural response to pain and aimed at limiting subtaloid movement. It varies considerably in degree and is not a constant feature.
Though subtaloid stiffness can in most instances be ascribed to specific conditions, in a minority no demonstrable structural change exists and the condition must be attributed either to a vague formn of joint irritation or more likely to general foot strain. In this type peroneal spasm is frequently a striking feature and may well have been more commonplace in earlier decades than it is now.
The characteristic radiological changes have been described but there are secondary ones in the shape of beaking of the head of the talus, broadening of its lateral process and narrowing of the posterior talocalcanean joint space. The beaking varies from a slight rounded node to a prominent curved process, always localized to the dorsolateral aspect of the head of the talus (Fig 4) . Though suggestive of osteoarthritis its position remains constant and the joint space is not eroded. Subtaloid stiffness is a constant factor and so is valgus, because it is rare in rigid feet without eversion. Though noted particularly in connexion. with adolescent tarsal coalition, it does occur in juvenile rheumatoid arthritis and in chronic mobile flat feet. It is probably caused by excessive pressure and overriding of the navicular against the head of the talus in an effort to achieve greater movement.
Operative Treatment
It must be emphasized that conservative measures should be given a fairly prolonged trial before resorting to operation, the results of which are frequently disappointing.
There have been several enthusiastic reports of good results following removal of calcaneonavicular bars but all stressing the need to perform the operation at an early stage. As a general rule the bar is fully developed when first seen. In the rare cases seen before ossification is well advanced (at which stage symptoms are as a rule minimal) one,cannot be sure that symptoms will not settle down on conservative treatment. To operate on such a foot on the assumption that the symptoms are likely to become severe later would surely be unwarrantable interference when there is a strong natural tendency for symptoms (though not stiffness) to regress. This is supported by Braddock (1961) who on a twenty-year follow up found that 52 out of 56 feet with known tarsal coalitions were symptomless or displayed insignificant symptoms. My own experience and that of other surgeons is of disappointing results, relief of pain being variable and stiffness always persisting. The bar is always larger than it appears on an X-ray and may extend right across to the inner side. It is not an operation to be undertaken lightly and may do much more harm than good.
There have been no reports of improvement following excision of any of the talocalcanean coalitions. The majority settle on conservative treatment. I have encountered failure in only 2 patients, both of whom presented posterior talocalcanean fusions. Excision of a troublesome exostosis or accessory bar, described by Harris (1965) , would seem to be a rewarding procedure and not likely to do any harm.
Finally, resort to fusion may be necessary. It seems illogical to do anything more than fuse the subtaloid joint for any of the talocalcanean coalitions, because this eliminates useful midtarsal movement, but in the presence of calcaneo-navicular bar a total fusion would be indicated. It is important to remember that in the comparatively few patients who require fusion there is almost always a valgus deformity, and I would stress the need to correct this when performing the operation. Failure to bring the heel reasonably under the line of weight-bearing could leave the patient worse off than he was before.
Another possibility that will not come as a surprise, and which I suggest with due humility, is that of calcanean osteotomy. It deserves serious consideration both as a prophylactic measure and in definitive treatment.
Most children recover completely from the effects of varying degrees of mobile flat feet. The minority end up in adolescence with grossly everted feet on which they shuffle about unhappily with a heavy springless gait, lagging behind their fellows and unable to enjoy activity. Later on the feet stiffen up and arthritic changes develop. This unhappy sequence of events can, I believe, be avoided by inserting a small lateral wedge into the calcaneum to tilt the heel into moderate varus. By this means, which incidentally should include lengthening the calcanean tendon and detachment of the lateral half of its insertion, good balance of the hindfoot is achieved; the immediate symptoms are effectively relieved, and I believe it is the best prophylactic measure against the development of arthritis in middle age.
Symptoms sufficiently severe to demand operative treatment are more likely to be encountered in the presence of calcaneonavicular, posterior talocalcanean and possibly the rare anterior coalitions, than in middle facet involvement. In addition the failures all display valgus deformities. In my experience complete relief of symptoms has been achieved in these patients by inserting a lateral calcanean wedge which overcomes the oblique valgus strain, increases the height of the longitudinal arch and brings the plantar surface of the heel directly under the line of weight bearing (Fig 4) . When dealing with valgus deformities it is always better to insert a lateral wedge rather than remove a medial one, and when performing the operation care should be taken not to overdo the varus lest an oblique strain in the opposite direction be imposed.
The patient whose X-rays are shown in Fig 4  presented at the age of 13 with quite typical pictures of bilateral adolescent rigid feet. The left foot, in which a calcaneonavicular bar was complete, displayed a marked degree of valgus. On the right side valgus was insignificant and a syndesmosis was present. Although rigidity persisted, symptoms on the right side were completely relieved after wearing an iron for six months. No relief was achieved on the left side and eventually the solid calcaneonavicular bar was excised, following which the symptoms were if anything worse; not until the insertion of a lateral wedge, a year later, was relief achieved. The operation was performed eight years ago and the foot has remained stable and pain free. The picture shows the varus curve of the left heel slightly greater than the right, and in the lateral view the longitudinal arch is higher on that side.
Following crush fractures, of the calcaneum the same combination of a stiff painful subtaloid joint and a valgus deformity exists. Encouraging results have been achieved by inserting a lateral wedge which overcomes the valgus strain and increases the height of the heel, thus putting the calcanean tendon at a better mechanical advantage.
I believe, however, that so much of this could be avoided by a greater appreciation of the fact that many of these fractures can and should be reduced. Essex-Lopresti (1952) and Palmer (1948) pointed out that as a general rule the posterior articular surface was not badly comminuted but split by a single fracture line into a medial third and a lateral two thirds, the latter being displaced down into the body of the bone and remaining there. They demonstrated clearly and convincingly that it was possible to restore the lost tuber angle and, by elevating the displaced fragment, to achieve something closely approximating the normal contour of the posterior joint surface, and also that it was possible to hold it in position.
Ball and Socket Ankle Joint I can recall 9 patients who displayed total coalitions varying from involvement of the whole tarsus to a rudimentary joifit. Five of these had ball and socket ankle joints. Of these, four complained of pain and/or instability. In each of these pain was on the inner or outer side and seemed to be due to impingement against the medial or lateral malleolus. It was difficult to say why pronation or supination deformity developed but it seemed probable that it was due to the general shape or contour of the coalition. In one patient two rays were missing and the heel had rolled into valgus. Three of these came to operation and symptoms were effectively relieved by tilting the heel into what seemed a reasonable position under the line of weight bearing.
A noticeable feature in these patients is that, although pain was relieved, anteroposterior X-rays still showed a tendency for the talus to remain tilted towards the same side. It would seem therefore that the effect of the osteotomy was to relieve pressure by redistribution of weight.
One other patient presented the combined problem of a marked fixed supination of the forefoot associated with a rounded but not complete ball and socket ankle joint. The heel rolled badly into valgus to compensate for the supination. This was dealt with by a rotation osteotomy at the tarsometatarsal level to correct the supination, followed by later insertion of a small wedge into the heel to overcome the tendency to valgus which still persisted. This is an example of the serpentine foot described by Lloyd-Roberts (1973) .
It would seem in cases of this type that the only choice is either to correct alignment by an osteotomy of the heel or to arthrodese the ankle joint.
Though I have had a good deal to say about osteotomy of the calcaneum my experience of the operation for these various conditions under consideration is relatively limited and might be regarded as still somewhat in the experimental stage. I have performed the operation on at least 11 patients suffering from adolescent rigid feet. It has been impossible to follow them all but the last reports indicated they were progressing well and that their pain had been relieved. I have operated on 3 patients suffering from fractures of the calcaneum and on 5 suffering from rheumatoid arthritis. In all of these symptoms have been relieved, and in some very strikingly so; none have been made worse.
In conclusion, whilst arthrodesis of the subtaloid joint alone or of the whole complex is a well established method of treating patients in whom conservative measures have failed, osteotomy of the calcaneum aimed primarily at correcting the alignment and overcoming oblique strain deserves serious consideration. It is relatively simple to perform, it involves a shorter period of immobilization and if it fails to relieve symptoms an arthrodesis can still be performed.
